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(57) ABSTRACT 

An elliptical vibratory cutting apparatus includes a control 
mechanism Which applies a sinusoidal voltage having a 
predetermined phase difference to piezoelectric elements. 
FleXure vibrations are accordingly generated in X and Y 
directions. The vibrations in the X direction cause interfer 
ence With the vibrations in the Y direction and vice versa. An 
amount of interference, caused by vibrations in one 
direction, With vibrations in another direction, is correctively 
eliminated by the control mechanism (interference eliminat 
ing unit. AWorkpiece is thus cut by means of a cutting tool 
through elliptical vibrations With high precision. 

6 Claims, 5 Drawing Sheets 
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METHOD OF CONTROLLING ELLIPTICAL 
VIBRATOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to improvements in a 

method of controlling an elliptical vibrator. The elliptical 
vibrator is used for processing a Workpiece such as steel 
product by causing elliptical vibrations to a tool, for 
eXample. 

2. Description of the Background Art 
An elliptical vibratory processing apparatus has been used 

for processing a Workpiece into a required shape. The 
elliptical vibratory processing apparatus for eXample has an 
elliptical vibrator Which is formed of a body in the shape of 
an octagonal prism and step horns provided respectively on 
both ends of the body. One of the step horns has its end 
provided With a tool and this tool elliptically vibrates to 
process the Workpiece. 

Speci?cally, driving pieZoelectric elements of a required 
number are provided to the elliptical vibrator. A predeter 
mined sinusoidal voltage having a predetermined phase 
difference (e.g. 90°) is applied individually to the driving 
pieZoelectric elements. Accordingly, ?eXure vibrations are 
caused to the elliptical vibrator in each of the horiZontal 
direction (X direction) and the vertical direction (Y 
direction). The ?eXure vibrations in the tWo directions of the 
elliptical vibrator are mechanically synthesized. Then, an 
end (cutting edge) of the tool, Which is provided to the 
elliptical vibrator, is alloWed to draW a trajectory of elliptical 
vibrations (see FIG. 3). 

For the cutting operation shoWn in FIG. 3 for example, the 
cutting tool 2 is caused to elliptically vibrate With respect to 
the Workpiece 1 to be cut and move in a cutting direction 
indicated by “A” relatively With respect to Workpiece 1, so 
that cutting tool 2 can elliptically vibrate to cut Workpiece 1. 

Suppose that the distance by Which cutting tool 2 moves 
in cutting direction A is constant. Then, a higher steadiness 
With Which the edge of cutting tool 2 draWs an elliptical 
trajectory 16 in a required shape (preset target shape) 
enables Workpiece 1 to be processed With higher precision 
through the elliptical vibrations. 

Here, the ?eXure vibrations in the tWo directions as 
described above interfere With each other to cause tool 
interference. 

For example, the horiZontal ?eXure vibrations of the 
elliptical vibrator interfere With (impede) the vertical ?eXure 
vibrations. Then, it is impossible to control the vertical 
?eXure vibrations for alloWing the vertical ?eXure vibrations 
to have a required amplitude. 
As the horiZontal ?eXure vibrations, the vertical ?eXure 

vibrations of the elliptical vibrator also interfere With the 
horiZontal ?eXure vibrations, Which makes it impossible to 
control the horiZontal ?eXure vibrations so as to alloW the 
horiZontal ?eXure vibrations to have a required amplitude. 

In other Words, it is impossible to steadily control and 
shape the trajectory, as required, of the elliptical vibrations 
draWn by the edge of a tool such as the cutting tool. 

Consequently, there arises a disadvantage, due to the fact 
that the elliptical vibration trajectory draWn by the tool edge 
cannot be shaped as required, that the Workpiece cannot be 
processed With high precision through elliptical vibrations. 

SUMMARY OF THE INVENTION 

One object of the present invention is to provide a method 
of controlling an elliptical vibrator for processing a Work 
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2 
piece through elliptical vibrations of a tool. An elliptical 
vibration trajectory draWn by an edge of the tool can be 
controlled With steadiness so as to shape the trajectory as 
required, and thus the Workpiece can be processed With high 
precision through the elliptical vibrations. 
A method of controlling an elliptical vibrator according to 

the present invention is used for processing a Workpiece by 
means of a tool through elliptical vibrations thereof, vibra 
tions in tWo directions being synthesiZed by an elliptical 
vibratory processing apparatus for causing elliptical vibra 
tions and transmitting the elliptical vibrations to the tool. An 
amount of interference by vibrations in one of the tWo 
directions With vibrations in the other direction is correc 
tively eliminated from the vibrations in that other direction. 

According to the method of controlling an elliptical 
vibrator of the present invention, the vibrations in the tWo 
directions are vibrations in any of ?eXure vibration mode, 
longitudinal vibration mode, torsional vibration mode, shear 
vibration mode, and radial vibration mode. 

The foregoing and other objects, features, aspects and 
advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic front vieW of an elliptical vibratory 
cutting apparatus to Which applied a method of controlling 
an elliptical vibrator according to the present invention. 

FIG. 2 is a schematic side vieW of the apparatus shoWn in 
FIG. 1. 

FIG. 3 is an enlarged schematic perspective vieW of the 
apparatus shoWn in FIG. 1, shoWing an enlarged cutting tool 
portion of the apparatus to illustrate that a Workpiece is cut 
by a cutting tool of the apparatus Whereby the cutting tool 
and its basic vibratory cutting operation are generally con 
ventional. 

FIGS. 4A and 4B illustrate vibratory characteristics of the 
cutting tool and a control method of automatic track of 
resonance frequency, FIG. 4A indicating gain relative to 
frequency While FIG. 4B indicating phase delay relative to 
frequency. 

FIG. 5 illustrates a method of eliminating interference for 
the method of controlling the elliptical vibrator according to 
the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

According to the present invention, an elliptical vibratory 
apparatus having a tool is used for processing a Workpiece 
by means of the tool through elliptical vibrations. The 
apparatus includes a control mechanism from Which drive 
signals With respect to X and Y directions are transmitted 
respectively to driving pieZoelectric elements, in order to 
cause ?eXure vibrations in X and Y directions of an elliptical 
vibrator. Here, as vibrations in one direction interfere With 
vibrations in the other direction, this interference is correc 
tively eliminated in the folloWing Way. 

For the tool interference caused by ?eXure vibrations in X 
direction to ?eXure vibrations in Y direction, the control 
mechanism transmits a command, i.e., correction signal, for 
eliminating the interference encountered by the vibrations in 
Y direction, to a portion for generating vibrations in Y 
direction. Then, a component of the interference encoun 
tered by the vibrations in Y direction can correctively be 
eliminated from the ?eXure vibrations in Y direction. 
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Similarly, for tool interference caused by the ?exure 
vibrations in Y direction to the ?exure vibrations in X 
direction, the control mechanism transmits a correction 
signal for eliminating the interference encountered by the 
vibrations in X direction to a portion generating X-direction 
vibrations. Accordingly, a component of the interference 
encountered by the vibrations in X direction can correctively 
be eliminated from the ?exure vibrations in X direction. 

In this Way, the tool interference in X and Y directions can 
correctively be removed. Consequently, it is possible to 
steadily control and shape, as required, a trajectory of 
elliptical vibrations that is draWn by an edge of the tool 
attached to the elliptical vibrator, and accordingly process 
the Workpiece With high precision through elliptical vibra 
tions. 

The present invention is noW described in detail in 
conjunction With draWings of an embodiment. 

FIGS. 1 and 2 shoW a cutting apparatus to Which a method 
of controlling an elliptical vibrator is applied according to 
the present invention. 

FIG. 3 shoWs a generally conventional cutting part of the 
apparatus shoWn in FIGS. 1 and 2. 

FIGS. 4A and 4B illustrate vibratory characteristics of a 
cutting tool and a control method of automatic track of 
resonance frequency. 

FIG. 5 illustrates a method of eliminating interference for 
the method of controlling the elliptical vibrator according to 
the present invention. 

The elliptical vibratory cutting apparatus shoWn in FIGS. 
1 and 2 includes a cutting tool 2 such as bit for cutting a 
Workpiece 1, steel product for example, an elliptical vibrator 
3 for causing elliptical vibrations to cutting tool 2, tWo 
supporting members 4 for supporting elliptical vibrator 3 
With a predetermined space therebetWeen, and a base 5 on 
Which supporting members 4 are placed. 

Elliptical vibrator 3 has its central part formed of a body 
6 in the shape of an octagonal prism. Step horns 7 protrude 
respectively from both ends of body 6 in the shape of the 
octagonal prism, for amplifying elliptical vibrations. Step 
horns 7 are each constituted of a larger cylindrical horn 8 and 
a smaller cylindrical horn 9 provided to larger horn 8. 
One of the step horns 7 of elliptical vibrator 3 has its end 

(of smaller horn 9) that is provided With a mount 10 to Which 
cutting tool 2 is attached. Step horns 7 (larger horns 8) can 
be supported respectively by supporting members 4. 

Octagonal prismatic body 6 has its vertical face 11 on 
Which a (driving) pieZoelectric element 12 is provided for 
generating elliptical vibrations, as Well as its horiZontal face 
13 on Which a pieZoelectric element 14 is also provided for 
generating elliptical vibrations. 

Vertical face 11 and horiZontal face 13 that form respec 
tive sides of octagonal prismatic body 6 are orthogonal to 
each other. The vertical and horiZontal faces serve respec 
tively as mounts on Which the pieZoelectric elements are 
attached. Here, pieZoelectric elements 12 and 14 are not 
necessarily placed respectively on vertical face 11 and 
horiZontal face 13, and thus the pieZoelectric elements may 
be provided on respective faces orthogonal to each other so 
that ?exure vibrations are generated in directions orthogonal 
to each other. In addition, the ?exure vibrations are not 
necessarily generated in the orthogonal directions and may 
be in respective directions that form an angle except for 0° 
and 180°. 

The apparatus as described above further includes a 
control mechanism 15 for individually driving and control 
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4 
ling pieZoelectric elements 12 and 14. By means of this 
control mechanism 15, a sinusoidal voltage having a prede 
termined frequency, a predetermined amplitude and a pre 
determined phase (predetermined phase difference) can be 
applied to each of the pieZoelectric elements 12 and 14. 

Speci?cally, the sinusoidal voltage With a predetermined 
phase difference is applied to pieZoelectric elements 12 and 
14 each for individually driving pieZoelectric elements 12 
and 14. Then, ?exure vibrations can be caused to elliptical 
vibrator 3. The ?exure vibrations are generated, according to 
the sinusoidal voltage, on supporting members 4 as their 
center. The ?exure vibrations of elliptical vibrator 3 are 
mechanically resonated and synthesiZed. Thus, a trajectory, 
in a required shape, of elliptical vibrations can be produced 
on mount 10 on the end of step horn 7. 

In this Way, by elliptical vibrator 3, elliptical vibrations 
can be synthesiZed and transmitted to cutting tool 2 (mount 
10), so as to alloW the end (cutting edge) of cutting tool 2 to 
draW trajectory 16 (see FIG. 3) of the elliptical vibrations in 
a required shape and thus periodically vibrate elliptically 
(rotate along the elliptical trajectory). 

Trajectory 16 of the elliptical vibrations can be shaped 
arbitrarily as required by the elliptical vibratory cutting 
apparatus. Further, the sinusoidal voltage applied to pieZo 
electric elements 12 and 14 of elliptical vibrator 3 can have 
a frequency of 20 KHZ, an amplitude (voltage) of 200 V and 
a phase difference of 900°, for example. 

Accordingly, as shoWn in FIG. 3, in order to cut Work 
piece 1 by means of cutting tool 2, cutting tool 2 (cutting 
edge thereof) is elliptically vibrated While Workpiece 1 is 
relatively moved in cutting direction A (Y direction in FIG. 
2) at a predetermined cutting speed (m/min), so as to bite 
Workpiece 1 in a biting direction indicated by D (X direction 
in FIG. 2). 

In FIG. 3, the direction indicated by B, Which is the same 
as cutting direction A, is the direction of a main cutting 
force, and the direction indicated by C is the direction of a 
feed force. 

At predetermined positions of elliptical vibrator 3 of the 
apparatus shoWn in the draWings, detectors (sensor) 17 are 
provided for detecting ?exure vibrations in X and Y direc 
tions respectively. Detectors 17 detect ?exure vibrations 
(elliptical vibrations) of elliptical vibrator 3 to transmit a 
detection signal indicating the vibratory state to control 
mechanism 15. 

Then, the amount of interference as described above, by 

vibrations in X (Y) direction, With vibrations in Y direction, can be measured by means of detectors 17. 

According to this embodiment, pieZoelectric elements for 
measurement or optical displacement meters (photosensors), 
for example, may be employed as detectors 17 as described 
above. 

When a predetermined voltage is applied to X-direction 
drive pieZoelectric element 12, step horns 7 ?ex not only in 
X direction but also in Y direction. If the pieZoelectric 
elements are employed as detectors 17, the ?exure of the 
step horns deforms both of the detector 17 for detecting 
?exure vibrations in X direction and the detector 17 for 
detecting ?exure vibrations in Y direction, and accordingly 
voltages are generated from the detectors. At this time, the 
voltage of the detector 17 for detecting Y-direction ?exure 
vibrations can be detected in order to detect the amount of 
interference With vibrations in Y direction. 

The vibratory state (e.g. amplitude, amount of 
interference) can indirectly be measured by measuring, by 
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means of an amplifying unit 23, the amount of current When 
vibrations are being generated. 

Control mechanism 15 includes a control unit 21 for 
implementing three control systems, i.e., constant-amplitude 
control, constant-phase-difference control and automatic 
tracking of resonance frequency, in order to control trajec 
tory 16 of elliptical vibrations. 

Then, a predetermined amplitude command and a prede 
termined phase command are given to control unit 21 While 
resonance tracking can automatically be done by control unit 
21. By the three control systems implemented by control 
mechanism 15, trajectory 16 of elliptical vibrations can 
stably be shaped as required. 

First, the constant-amplitude control is described. 
The constant-amplitude control refers to control for 

maintaining, With stability, a required amplitude (preset 
target amplitude) of the vibrations in X direction (biting 
direction D) and Y direction (cutting direction A), for 
example. 

In this Way, by this control by control mechanism 15, the 
amplitude of the Waveform of the vibrations measured by 
detectors 17 can be set to the target amplitude. 

Second, the constant-phase-difference control is 
described. 

The constant-phase-difference control refers to control for 
maintaining, With stability, a required phase difference 
(preset target phase difference) of the vibrations in X and Y 
directions, for example. 

Thus, by this control by control mechanism 15, the phase 
difference of the vibrations measured by detectors 17 can be 
set to the target phase difference. 

Third, the automatic tracking of resonance frequency is 
described. 

The cutting operation by the elliptical vibratory cutting 
apparatus is accomplished through elliptical vibrations, as 
described above, that are produced by mechanical reso 
nation and synthesis of the ?exure vibrations for obtaining 
trajectory 16 of the elliptical vibrations that is draWn by the 
cutting edge of cutting tool 2. In order to ef?ciently vibrate 
the cutting tool, desirably the frequency of an applied 
voltage is alWays equal to the resonance frequency. 
HoWever, the resonance frequency cannot be speci?ed due 
to a slight difference betWeen respective resonance frequen 
cies of the cutting tool With respect to the tWo directions. 

Here, vibratory characteristics of the cutting tool are 
described With reference to FIGS. 4A and 4B. FIGS. 4A and 
4B shoW measurements of the vibratory characteristics of 
the cutting tool that are taken by detectors 17 (piezoelectric 
elements for measurement). FIG. 4A shoWs gain With 
respect to cutting direction (Y direction) and biting direction 
(X direction) and FIG. 4B shoWs phase delay With respect to 
the cutting direction (Y direction) and the biting direction (X 
direction). 

It is seen from FIGS. 4A and 4B that, for both of the 
vertical and horiZontal directions, the maximum amplitude 
is attained When the phase delay is approximately —90°. 
Then, by control by the control system mentioned above, the 
average phase delay regarding the tWo directions is set to 
—90° in order to achieve a sufficient vibratory amplitude for 
both of the tWo directions. Speci?cally, for each direction, 
the phase difference betWeen an output Waveform from 
detector 17 and an input Waveform from control unit 21 is 
measured, and the average of respective phase delays With 
respect to the tWo directions is maintained at an arbitrary 
target value (eg —90°), by adjusting the frequency of the 

10 

15 

25 

35 

40 

45 

55 

65 

6 
voltage applied to the driving pieZoelectric elements. Here, 
the average phase delay may be a Weighed average. In this 
case, an arbitrary manner of Weighting can be applied. 

In this Way, the control is exercised for keeping the 
average phase delay of the tWo directions, i.e., X and Y 
directions, at approximately —90°. This control is referred to 
as the automatic tracking of resonance frequency. 

Control mechanism 15 further includes an interference 
eliminating unit 22 for correctively eliminating an amount of 
interference With ?exure vibrations in the X and Y direc 
tions. Then, the amount of interference With the ?exure 
vibrations in X and Y directions can correctively be removed 
by interference eliminating unit 22. 

Speci?cally, the amount of interference, by ?exure vibra 
tions in X direction, With ?exure vibrations in Y direction, 
is eliminated by controlling the voltage applied to 
Y-direction-drive pieZoelectric element 14 for canceling the 
amount of interference. The amount of interference can thus 
be removed correctively. 

To control unit 21 and interference eliminating unit 22 of 
control mechanism 15 as described above, detection signals 
from detectors 17 can be input. 

Description of FIG. 5 is noW given beloW. 

FIG. 5 illustrates a mechanism of interference (tool 
interference) With vibrations in X and Y directions as Well as 
an interference eliminating system (interference eliminating 
unit 22) of the apparatus shoWn in FIGS. 1—3. 

The tool interference by ?exure vibrations in X direction 
is speci?cally described. Here, it is supposed that vibrating 
voltage Vi represented by E1~cos(u)t+ot1) is applied to only 
the X-direction-drive pieZoelectric element 12. 
The pieZoelectric action causes a vibrating force repre 

sented by F1-cos(u)t+ot1) to pieZoelectric element 12, and 
this vibrating force causes, to elliptical vibrator 3, a dis 
placement in X direction, k1~cos(u)t+ot1—q)). 
On the other hand, this displacement causes a vibrating 

force (tool interference), represented by K21'}\,1'COS(LUI+(X1— 
(1)), in Y direction orthogonal to X direction. 

That displacement, in other Words, the displacement in X 
direction causing the vibrating force in Y direction has a 
Waveform Which can be detected by detector 17. 

In order to correctively eliminate the displacement, a 
vibrating voltage of P21~k1~cos(u)t+(x1—q)) is applied to 
Y-direction-drive pieZoelectric element 14. Then, this vibrat 
ing voltage causes a vibrating force of P21-F2/E2~7»1~cos(uut+ 
(ll-4)) in Y direction. 
At this time, adjustments are made to achieve P21~F2/E2=— 

K21 to cancel the tool interference. 
Moreover, as shoWn by the interference mechanism 

model in FIG. 5, the amount of interference speci?c to this 
system that is included in the displacement Which is caused 
by the vibrating force in X direction is entered, as a 
disturbance component, to the vibrating force in Y direction 
and is accordingly taken in transfer function G2 (S), in 
consideration of the interference removal. 

Tool interference Which is caused When vibrating voltage 
V2 represented by E2cos(u)t+ot2) is applied to only the 
pieZoelectric element 14 for Y-direction-drive can also be 
eliminated correctively by canceling the interference as done 
With respect to X direction as described above. 

In this Way, the elliptical vibratory cutting apparatus 
(interference eliminating unit 22 of control mechanism 15) 
can efficiently and correctively remove the tool interference 
With respect to both of the tWo directions, X and Y 
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directions, and thus cut, With stability, workpiece 1 by means 
of cutting tool 2 through elliptical vibrations thereof. 

Accordingly, a sinusoidal voltage having a predetermined 
phase difference is applied from control mechanism 15 to 
pieZoelectric elements 12 and 14 each for driving them. 
Then, ?eXure vibrations of elliptical vibrator 3 are generated 
in X and Y directions respectively according to pieZoelectric 
elements 12 and 14. The ?eXure vibrations are synthesiZed 
to cause elliptical vibrations of cutting tool 2 on mount 10 
of elliptical vibrator 3. Thus, Workpiece 1 can be cut by 
means of cutting tool 2 through elliptical vibrations thereof. 
At this time, the ?eXure vibrations in the tWo directions 

interfere With each other, and the amount of this tool 
interference can be cancelled and accordingly eliminated 
correctively by interference eliminating unit 22 of control 
mechanism 15 as described above. 

In this Way, the Workpiece is cut by means of the cutting 
tool through elliptical vibrations. At this time, the trajectory 
of the elliptical vibrations that is draWn by the edge of the 
cutting tool can be controlled With stability so that the 
trajectory has a required shape. Consequently, the Workpiece 
can be processed With high precision by the elliptical 
vibratory cutting operation. 

Amplifying unit (ampli?er) 23 of control mechanism 15 
described above ampli?es the voltage from interference 
eliminating unit 22 for supplying the ampli?ed voltage to 
pieZoelectric elements 12 and 14. 

The elliptical vibratory cutting apparatus is herein 
described above as an elliptical vibratory processing appa 
ratus. HoWever, the present invention is applicable to any 
processing apparatus for grinding, abrading, cutting and 
Welding for eXample. In addition, any tools used for these 
processing operations may elliptically be vibrated. For 
example, a blade for the cutting operation and a buff or 
abrasive pad for the abrading operation may elliptically be 
vibrated. Moreover, a Workpiece to be processed may ellip 
tically be vibrated. Alternatively, the present invention is 
effective as a method for controlling a resonance ultrasonic 
motor. 

In addition, according to the description above, the Hex 
ural vibrations are used for controlling the elliptical vibrator. 
Alternatively, tWo actuator systems such as pieZoelectric 
elements may be used for alloWing each pieZoelectric ele 
ment to directly cause displacement of the elliptical vibrator. 
In this case, pieZoelectric elements each having a constant 
phase difference displace and accordingly vibrate the ellip 
tical vibrator in respective directions that are orthogonal to 
each other, so that so-called longitudinal vibrations are 
generated. Instead of this, so-called torsional vibrations may 
be generated from torsional deformation caused by actua 
tors. Further, eXcept for the vibration modes mentioned 
above, any vibration mode such as shear vibrations and 
radial vibrations may be used. In other Words, any defor 
mation may be caused for producing displacement from 
Which such vibrations are generated. The present invention 
is applicable to any combination of these vibration modes. 
In any case, the amount of interference, by vibrations in one 
direction, With vibrations in another direction, is correctively 
eliminated from the vibrations in that another direction. 

Additionally, for any of the vibration modes described 
above, one direction and another direction in Which vibra 
tions are generated are not necessarily orthogonal to each 
other, and the angle formed by these directions may be any 
angle eXcept for 0° and 180°. 

According to the present invention, a Workpiece is pro 
cessed by means of a tool through elliptical vibrations, and 
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8 
the trajectory of the elliptical vibrations that is draWn by an 
edge of the tool can be controlled With stability so that the 
trajectory has a required shape. Thus, the present invention 
is highly effective in that the Workpiece can be processed 
With high precision through the elliptical vibrations. 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same is 
by Way of illustration and eXample only and is not to be 
taken by Way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims. 
What is claimed is: 
1. A method of controlling an elliptical vibrator used for 

cutting a Workpiece by means of a tool, comprising: 
synthesiZing respective ?rst and second vibrations in ?rst 

and second directions for causing elliptical vibrations 
of said elliptical vibrator and transmitting the elliptical 
vibrations to said tool, Wherein an interference is 
caused in said ?rst vibrations in said ?rst direction by 
said second vibrations in said second direction, and 

eliminating an amount of said interference from said ?rst 
vibrations in said ?rst direction. 

2. The method of controlling an elliptical vibrator accord 
ing to claim 1, Wherein said vibrations in said ?rst and 
second directions are vibrations in any of a ?eXure vibration 
mode causing ?eXure of said elliptical vibrator, a longitu 
dinal vibration mode causing vibrations in a longitudinal 
direction of said elliptical vibrator, a torsional vibration 
mode causing torsional vibration of said elliptical vibrator, 
a shear vibration mode causing shear vibration of said 
elliptical vibrator, and a radial vibration mode causing 
vibrations in a radial direction of said elliptical vibrator. 

3. The method of controlling an elliptical vibrator accord 
ing to claim 1, 

Wherein said amount of interference is an amount of 
interference vibrations caused in said ?rst vibrations in 
said ?rst direction by said second vibrations in said 
second direction, and 

Wherein said eliminating of said amount of interference 
comprises: 
detecting said second vibrations in said second 

direction, and 
controlling said ?rst vibrations in said ?rst direction 

based on a result of said detecting of said second 
vibrations, so as to cancel said amount of interfer 
ence in said ?rst vibrations caused by said second 
vibrations. 

4. A method of controlling an elliptical vibrator used for 
cutting a Workpiece by means of a tool, vibrations in ?rst and 
second directions being synthesiZed for causing elliptical 
vibrations of said elliptical vibrator and transmitting the 
elliptical vibrations to said tool, said method comprising the 
steps of: 

applying ?rst and second driving voltages to ?rst and 
second pieZoelectric elements for driving said elliptical 
vibrator in said ?rst and second directions respectively; 

detecting a ?rst amount of vibrations of said elliptical 
vibrator generated in said ?rst direction and a second 
amount of vibrations of said elliptical vibrator gener 
ated in said second direction, Wherein said vibrations in 
said ?rst direction cause a second vibrating force in 
said second direction and said vibrations in said second 
direction cause a ?rst vibrating force in said ?rst 
direction; 

converting said ?rst amount of vibrations in said ?rst 
direction into a ?rst voltage signal adapted to cancel 
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said second vibrating force in said second direction, 
and converting said second amount of vibrations in said 
second direction into a second voltage signal adapted to 
cancel said ?rst vibrating force in said ?rst direction; 
and 

10 
said ?rst value of said ?rst vibratory interference 
caused by said ?rst vibration, so as to reduce or 
cancel-out said ?rst vibratory interference in said sec 
ond direction. 

5 6. A method of operating a vibratory tool apparatus 
applying respective ?rst and second corrective voltages including a vibratory tool, comprising the steps: 

based on Said ?rst and Second Voltage Signa1s> respec' a) generating a ?rst vibration in a ?rst direction and 
tively to said second and ?rst pieZoelectric elements for 
driving said elliptical vibrator in said second and ?rst 

d) modifying said generating of said second vibration in 
said second direction dependent on and responsive to 

generating a second vibration in a second direction that 
is non-parallel to said ?rst direction so that said ?rst and 

directions, for vibrating said elliptical vibrator to cancel 1O - - - - - - 
. . . . . . . second vibrations together form an elliptical v1brat1on, 

said second and ?rst vibrating forces, in addition to said . . . . . . . . 
. . . . and applying said ell1pt1cal vibration to said vibratory 

apply1ng of said second and ?rst driving voltages. . . . . . . . . 
- - tool, wherein said ?rst vibration in said ?rst direction 

5. A method of operating a vibratory tool apparatus ? t ,b t _ t f _ ,d d 
including a vibratory tool, comprising the steps: Cause? a rs V1 ra Qry 1_n er erence _m St“ $609 

. . . . . . 15 direction, and wherein said second vibration in said 
a) generating a ?rst vibration in a ?rst direction and . . . . 

. . . . . . second direction causes a second vibratory interference 
generating a second vibration in a second direction that in Said ?rst direction 
is non-parallel to said ?rst direction so that said ?rst and _ ’ _ _ _ 

second vibrations together form an elliptical vibration, b) r?eas?rr?g a ?rst measured Value of sard ?rst Vrbratro? 
and applying said elliptical vibration to said vibratory lrl sald ?rst dlrectlorl, and r?eas?rlrlg a second r?ea' 
tool, Wherein said ?rst vibration in said ?rst direction 20 Sllfed Value Of Sald SfICOIld vlbratlon 1n sald Second 
causes a ?rst vibratory interference in said second direction; 

drrectro?3 a?? W?erer? sard seco?d vrbratro? r? sard c) feeding back a ?rst function of said ?rst measured value 
second direction causes a second vibratory interference of Said ?rst Vibration, and modifying Said generating of 
m Sald ?rst dlrectlon; 25 said second vibration dependent on and responsive to 

b) determlnlng a ?rst Value Of Sald ?rst vlbratory lrlter- said ?rst function of said ?rst measured value of said 
fererlce based on said ?rst Vibration, and determining a ?rst vibration so as to reduce or cancel-out said ?rst 
second Va?re or sard secorld Vrbratory r?terrere?ce vibratory interference in said second direction; and 
base? O_n Sald_ Second ‘ilbranonf _ _ _ _ d) feeding back a second function of said second rnea 

C) r?odrryr?g sard ge?eratr?g or sard ?rst vrbratro? r? sard 30 sured value of said second vibration, and modifying 
?rst drrectro? depe?de?t Orr and respo?srve t0 sard said generating of said ?rst vibration dependent on and 
second value of said second vibratory interference responsive to Said Second function of Said Second 
Caused by sard second "rbratlorl, s0 as to red?ce 9r measured value of said second vibration so as to reduce 
ca?celfo?t sard second Vrbratory r?terrere?ce r? sard or cancel-out said second vibratory interference in said 
?rst dlrectlorl; and 35 ?rst direction. 
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